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Review of the concept of quality in Hass avocado and the 
pre-harvest and harvest factors that determine it under 
tropical conditions

Revisión del concepto de calidad en aguacate Hass y los 
factores pre-cosecha y cosecha que la determinan bajo 
condiciones tropicales
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The main challenge of the avocado chain in Colombia is 
to produce quality.
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ABSTRACT
Avocado is one of the most desirable fruits worldwide because of its flavor and nutritional contributions. 
Currently, Colombia is a very dynamic country where the cultivated area and volumes of exported fruits have 
been increasing year after year. This situation poses a challenge for the country, which must produce fruits 
with excellent parameters of ripening, external and internal quality. This study used a series of elements as-
sociated with quality in avocado and its application in tropical conditions, which were determined based on 
reports from the world scientific literature reported in journals, books, manuals and conferences. In addition, 
information obtained from commercial esays on plantations and the experiences of packing and marketing 
companies in Colombia was used. The approach presented here is associated with a modern concept of 
quality in the food industry and how it can be applied to the avocado value chain; preharvest aspects that 
determine quality, management practices conducive to improving quality, and harvest parameters and their 
relationship with quality were also used. This study generated alternatives for increasing the added value in 
the avocado production system based on quality parameters and identified delays in the supply chain of this 
important agro-industry under tropical conditions.
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Avocado, especially the Hass variety, has grown 
significantly in planted areas in Colombia, leading 
to increases in production and exported volumes 
(Ramírez-Gil et al., 2018). This growth is supported 
by a higher domestic demand and mainly by the 
boom in exports, especially to the European Union. 
Thus, the country went from exporting 3 t in 2005 
to 30,008 t in 2018 (MADR, 2018). There is currently 
great expectation for the possibility of exporting fruit 
to other countries such as Japan, The United Arab 
Emirates, The United States, Canada, and China, 
among others.

The avocado fruit is very popular and highly con-
sumed in many countries given its high nutritional 
content of vitamins A, B, C, potassium, phosphorus, 
magnesium, iron, unsaturated fatty acids, and anti-
oxidants (Araújo et al., 2018). In addition, it has been 
demonstrated that the consumption of this fruit 
reduces the risk of cardiovascular diseases, hyperlip-
idemia, and visceral adipose tissue and contributes 
to weight control and healthy aging (Duarte et al., 
2016).

Fruit and vegetable quality is expressed by different 
indicators, which cover a large number of organolep-
tic parameters (e.g. visual appearance, shape, size, 
color, texture, taste, aroma, etc.), nutritional charac-
teristics (e.g. minerals, proteins, fiber, cofactors, 

carbohydrates, fatty acids, vitamins, enzymes, coen-
zymes, etc.), functional properties (e.g. anti-cancer 
properties and removal of saturated fats, among oth-
ers), origin (e.g. the way it is produced, place of origin, 
certificates, etc.), and defects (e.g. mechanical, physi-
cal, etc.). Quality is defined, to a large extent, by the 
final consumer, who sets criteria based on personal 
preferences and expectations. However, it has a direct 
relationship with all the actors in the value chain (e.g. 
producers, packers, transporters, and traders).

The Hass avocado production system does not cur-
rently have a validated technological model for the 
Colombian tropics, a situation that increases uncer-
tainty in production. Fruit production must ensure 
delivery of an excellent quality product to the market 
that meets the international standards set by import-
ing countries, taking into account agronomic aspects 
such as cultivation, harvest, post-harvest, logistics, 
storage, and marketing. For this reason, the objec-
tive of Colombia, as an avocado producer, should be 
the production of fruit of the highest quality in order 
to position the country and the Colombian avocado 
brand in markets worldwide.

Thus, it is important to determine the basic qual-
ity criteria for Colombian avocado, which should be 
defined from the consensus among producers, pack-
ers, traders, and consumers. Having specific quality 

RESUMEN
El aguacate es una de las frutas más deseables en todo el mundo debido a su sabor y aportes nutricionales. Colombia 
es un país muy dinámico, donde el área plantada y los volúmenes de fruta exportada han ido creciendo año tras año. 
Esta situación plantea un desafío para el país, que debe producir en función de la calidad, logrando posicionar una 
fruta con excelentes parámetros de maduración, calidad externa e interna. En este trabajo, se presentan una serie de 
elementos asociados con la calidad del aguacate y su aplicación a las condiciones tropicales, que se determinaron con 
base en reportes de la literatura científica mundial como revistas, libros, manuales y conferencias. Además, utiliza-
mos información obtenida a través de ensayos comerciales de plantaciones y experiencias de empresas de empaque 
y comercialización en Colombia. El enfoque presentado aquí está asociado con un concepto moderno de calidad en 
la industria alimentaria y cómo se puede aplicar a la cadena de valor del aguacate, también presentamos aspectos de 
cosecha y poscosecha que determinan la calidad y prácticas de manejo conducentes a mejorar la calidad. Este trabajo 
genera alternativas para aumentar el valor agregado en el sistema de producción de aguacate con base en parametros 
de calidad e identifica los retrasos de la cadena de valor de esta importante agroinustria bajo condiciones tropicales.
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standards may help chain stakeholders to perceive 
these benefits in monetary terms as they seek to in-
crease profitability and sustainability. In addition, 
consumers can obtain all the benefits in terms of 
organoleptic, nutritional and functional quality that 
this fruit can provide.

This manuscript aimed to introduce a concept of 
quality and define the basic pre-harvest and harvest 
parameters that determine Hass avocado quality. 
This review was carried out based on the informa-
tion reported by different sources such as scientific 
papers, proceedings from seminars, congresses, 
and technology transfer events. In addition, data 
provided by producer farms and the experience of 
Colombian technical assistants and traders were con-
sidered, also previous validation of the information 
and analysis of the results. The approach presented 
here was carried out in chapters in which the follow-
ing topics: (i) quality concepts and application to the 
avocado industry and its production systems, (ii) pre-
harvest aspects that determine quality and manage-
ment practices conducive to improving quality, and 
(iii) harvest parameters and their relationship with 
quality.

GENERAL PARAMETERS ASSOCIATED 
WITH QUALITY IN THE FOOD INDUSTRY 
AND THEIR RELATIONSHIP WITH THE AVO-
CADO FRUIT

Definition of quality 

In the case of the avocado market, the quality require-
ments for exported fruits are completely different 
from the ones for fruit for domestic consumption. 
Similarly, differentiated properties are required for 
the production of avocado pulps for the pharmaceuti-
cal industry (content of polyunsaturated fatty acids, 
vitamin E, avocatin B, terpenes, phytosterols, and an-
tioxidant activity, etc.) (Sarkar et al., 2017). There are 
different characteristics that make a specific market 
interested in a particular concept of quality. This idea 
was developed by the International Organization for 
Standardization, which created the currently accept-
ed definition of quality as “the ability of a product 
or service to meet the declared or implied needs of 
the consumer through its properties or characteris-
tics” (Singels et al., 2001). Accordingly, in every pro-
duction chain, suppliers, intermediaries, and traders 

must know their market (needs and expectations) in 
detail in order to generate differentiated qualities for 
specific customers (Orjuela-Castro et al., 2017), a rare 
action in Colombian production economies.

Concept of multidimensional quality 

The concept of multifunctional or multidimensional 
quality has been a trend since the end of the 20th cen-
tury. In this theory, the perception of quality should 
be the result of the interrelation of several compo-
nents, which can be measured, classified and weight-
ed according to the level of importance given by end 
customers and some intermediaries of the value chain 
(Prieto et al., 2008; Liverani et al., 2019).

The components of the multidimensional quality 
“function” can be classified into two large groups. 
Firstly, the incorruptible and basic elements of the 
product or those aspects that are decisive for the 
product to be accepted. Secondly, and equally impor-
tant, are the so-called “surprise” aspects. These are 
characteristics that, although final customers do not 
expect to find them a priori, once they are perceived 
they are appreciated and considered as added value. 
In the case of avocado, this type of quality criterion 
would include the nutritional and sensory charac-
teristics that stand out in fruits. Such characteristics 
are a better trans/cis ratio of fatty acids (Serpa et al., 
2014) or some unusual aroma and flavor tones in ripe 
fruits (Obenland et al., 2012). Accordingly, for the 
“Colombian avocado” product, a scalable and specific 
quality function could be created for the interests of 
customers, which should include the usage needs and 
imaginary consumption of target markets.

Quality perception in Hass avocado

The quality perception characteristics for Hass avo-
cado can be separated into three types: physical, 
chemical and microbiological. For the physical quali-
ty characteristics in Hass avocado, there are a number 
of factors that could be associated with these param-
eters. These parameters include polar and equatorial 
diameters, sphericity index, and peel, pulp and seed 
percentages, etc. However, the most used criteria in 
exports and marketing are size and weight, which are 
currently considered the main quality factors offered 
by trading companies worldwide (Tab. 1). There is 
also a series of visual specifications related to physi-
cal quality that are currently the basic parameters of 
fruit selection (Tab. 2).
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Table 1.  Hass avocado calibers and their categorization de-
pending on the country of consumption for 10 kg 
packaging boxes1.

Europe Canada USA Colombia 

Caliber 14 >258 g 40 Extra

Caliber 16 227-258 g 48 Extra 

Caliber 18 227-203 g 48-60 First

Caliber 20 203-184 g 60 First 

Caliber 22 184-165 g 60 First

Caliber 24 <165 g 70 First-Second
1Specifications taken from the criteria used by avocado producing, sorting, ex-
porting and distributing companies operating in Colombia.

On the other hand, chemical factors are associated 
with the metabolic richness of Hass avocado fruits. 
Among these factors, the lipid profile and triterpene 
and vitamin E contents are some of the most impor-
tant in this fruit (Tan et al., 2017). This is important 
given the new trends of healthy consumption and 
the reports on the role of unsaturated fatty acids in 
the decrease of cardiovascular pathologies (Botero 
and Morales, 2018). Finally, microbiological quality 
is related to a product’s health at the consumption 
stage. The presence of fungi, molds or yeasts in fruits 
is an excluding factor for end customers and is one 
of the most heavily sanctioned by international mar-
kets (Tab. 2).

According to Prieto et al. (2008), other ways to clas-
sify Hass avocado quality may depend on hygienic, 

sanitary, bromatological, health, organoleptic and 
ethical or emotional characteristics. Hygienic-sani-
tary quality refers to the absence in the food matrix 
of components that can cause any harm or put con-
sumers’ health at risk. These factors can be biotic 
(pathogens such as bacteria, parasites, viruses, prions, 
toxins, and allergens) and abiotic (pesticide residues, 
pesticides, and contaminants, etc.). In the case of the 
Hass avocado production system, this is considered 
an exclusion factor for the export market since fruits 
cannot be used for this purpose if they have agro-
chemical residues.

Bromatological quality refers to the nutritional qual-
ity that a foodstuff provides in terms of macronutri-
ents (carbohydrates, proteins, fats, fiber, and ashes). 
This quality is one of the most historically appreci-
ated by consumers in previous decades. However, 
modern markets tend to request more specificity and 
migrate to health-focused quality (Prieto et al., 2008).

Nowadays, quality focused on health is restricted to 
the knowledge of any substance that is bioavailable 
for consumers and that may have some beneficial ef-
fect on aspects associated with the prevention and 
protection of any human pathology. In the case of 
Hass avocado, its monounsaturated and polyunsatu-
rated fatty acid contents are particularly relevant for 
consumers given the multiple reports of their effect 
on chronic non-transmissible pathologies such as 
metabolic syndrome (Fulgoni et al., 2013), the reduc-
tion of dyslipidemia severity in patients with hyper-
cholesterolemia (Lottenberg et al., 2002), or even the 

Table 2.  Visual quality characteristics and classification in Hass avocado for Colombian traders1. 

Category Characteristic of mandatory compliance Tolerance

Extra 

Fruits at proper ripeness stage, intact and visibly healthy, free of insects, with a 
fresh appearance and firm consistency; free of abnormal external moisture, odors, 
flavors and foreign materials; free of damage in the epidermis by temperature; fruits 
with pedicel (< 5 cm) and with minimum values of pesticide residues.

Superficial spots from lenticellosis and slight 
damage caused by thrips.

I

Fruits at proper ripeness stage, intact and visibly healthy, free of insects, with a 
fresh appearance and firm consistency; free of abnormal external moisture, odors, 
flavors and foreign materials; free of damage to the epidermis by temperature; 
fruits with pedicel (< 5 cm) and with minimum values of pesticide residues.

Superficial scratches from lenticellosis and 
superficial scars caused by insects. These 
must not exceed 10% of the epidermis. Fruit 
deformations are accepted but should not 
compromise the pulp.

II

Fruits at proper ripeness stage, intact and visibly healthy, free of insects, with a 
fresh appearance and firm consistency; free of abnormal external moisture, odors, 
flavors and foreign materials; free of damage to the epidermis by temperature; 
fruits with pedicel (< 5 cm) and with minimum values of pesticide residues.

Defects in shape and color, external damage 
caused by lenticellosis and insects. These 
should not exceed 10% of the epidermis.

Industrial Fruit without pesticide residues that do not exceed the allowed limits.
Fruit can have multiple defects but they 
cannot compromise the pulp.

1 Adapted from Icontec (2018).
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activation of the immune system and contribution to 
the treatment of diseases as relevant as cancer or HIV 
(Bouic, 2002). 

Hass avocado from Colombia has the potential to 
capture new international consumers in terms of 
quantity and quality of fatty acids since fruits pro-
duced in the country’s soil and climate conditions 
present comparative levels of these fatty acids to 
those reported worldwide (Tab 3). 

On the other hand, organoleptic quality is related to 
the consumers’ sensory perception when ingesting a 
product in terms of smell, taste, texture and visual 
aspects. In the case of hass avocado, fully ripe fruits 
with a dark purple epidermis color, slightly yellowish 
green pulp, a soft, creamy and even oily texture on 
the palate accompanied by nuances of nutty, fruity 
and herbal aromas and slightly sweet and not so bit-
ter flavors are highly appreciated by international 
markets (Arpaia et al., 2018).

Ethical quality aspects are mainly related to the social 
influences of a productive system on a specific popu-
lation. For example, a specific plant material cultivat-
ed by vulnerable populations such as single mothers 
who are heads of households or victims of the armed 
conflict with its respective traceability and certifica-
tion could be a differentiating factor that generates 
added value for international altruistic markets (Gut-
jar et al., 2015).

Finally, the emotional aspects are related to the sen-
sations that the customer perceives when buying or 

consuming a particular product. This aspect is mainly 
transcendental in the evolution of the avocado imagi-
nary of consumption since its appearances on social 
networks such as Facebook, Instagram, and Twitter 
have increased in recent years. In addition, in other 
digital marketing platforms, avocados are being per-
ceived as a symbol of “healthy life”, social status or 
are even being related to graphic euphemisms of sex-
ual connotation in the growing trend of “food porn” 
(McDonnell, 2016). The sensations at the time of 
buying, ingesting, photographing, publishing or dis-
playing this product on the social web have generated 
a trend among the millennial population, which has 
resulted in the consolidation of aesthetic characteris-
tics of fruits to be acquired. These characteristics will 
produce pleasure in people when sharing this fruit in 
their social environment, entertainment platforms 
and other networks (Ellstrand, 2018). 

Quality requirements depending on the target 
market

Avocado fruit quality emphasizes the requirements 
of a given market, which is based on certain criteria 
such as (i) phytosanitary requirements, (ii) food safe-
ty, (iii) market accessibility, (iv) required quantities, 
and (v) value, etc. This implies a definition of quality 
in terms of trade and negotiation by the countries in-
volved in commercial transitions. However, some as-
pects related to consumers and the characteristics of 
the product they demand have been forgotten. This 
has caused final consumers not to feel identified with 

Table 3.  Lipid profile of Hass avocado pulp reported in producer countries1. 

Fatty acid
Country (% fatty acid-base)

Australia Mexico New Zeland United States Colombia

Palmitic acid C16:0 25.63 22.59 20.61 22.24 16.81

Palmitoleic Acid C16:1 7.29 11.63 10.31 13.14 7.85

Stearic Acid C18:0 0.45 0.24 0.3 0.93 0.14

Oleic acid C18:1 42.59 49.19 50.97 47.69 61.45

Linoleic acid C18:2 20.87 14.72 16.1 14.47 4.37

α Linoleic Acid C18:3 3.19 1.63 1.72 1.54 1.64

Sum of saturated fatty acids 26.07 22.83 20.91 23.16 16.96

Sum of monosaturated fatty acids 49.88 60.83 61.28 60.83 69.30

Sum of polyunsaturated fatty acids 24.06 16.35 17.81 16.01 13.94

Saturated/unsaturated ratio 0.35 0.29 0.26 0.30 0.20
1Adapted from Tan et al. (2017) and Henao-Rojas et al. (2019).
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the product they are accessing since their imaginary 
of consumption is unknown to the value chain.

As described above, avocado consumption, especially 
the Hass variety, has been increasing since it has ad-
equate flavor and functional properties because of its 
nutritional quality. That is why consumers will be 
the ones who largely define the concept of quality 
according to their preferences, which can be objective 
(nutritional content, shape, color, size, and texture, 
among others) or subjective (product origin, type of 
production system and its relationship with the envi-
ronment, and form of commercialization, etc.) (Mi-
gliore et al., 2015, 2018; Bader et al., 2016).

In this regard, the most used criteria by consumers to 
select fruits at stores are associated with visual fac-
tors such as: (i) fruit weight (commercial size), (ii) 
shape (oval or pyriform), (iii) skin color (green, pur-
ple, black), (iv) skin texture (smooth or rough), and 
(v) absence of defects (for example, sunburn). On the 
other hand, the factors that are evaluated at the time 
of consumption are related to the internal quality of 
the fruit: (i) taste, (ii) pulp texture, (iii) pulp color, 
and (iv) seed size (Storey et al., 1973; Migliore et al., 
2018). Additionally, it is reported that purchases are 
associated with fruit consumption habits, neophilia 
attitudes and various intrinsic and extrinsic quality 
attributes (attributes of particular and cultural be-
liefs) (Migliore et al., 2018).

In the case of Colombia, the particular quality re-
quirements associated with intrinsic factors of avoca-
do fruits according to export destinations or internal 
consumer preferences are not well known. In addi-
tion, there are no studies at the consumer level that 
show customer likes and quality criteria that could 
be implemented in order to improve fruit produc-
tion, harvest, and post-harvest processes. In this re-
gard, there are some parameters that were previously 
stated (Tab. 1 and 2) in the section related to harvest 
parameters or criteria, which refer to calibers and 
quality categorization (Icontec, 2018).

Marketing companies have a series of quality criteria 
based on characteristics such as chemical product res-
idues, harvest time or ripening, visual defects caused 
by fruit deformities, mechanical damage or insects, 
and visible presence of pathologies (Ramírez-Gil et 
al., 2020). In addition, they carry out a rigorous pro-
cess to define fruit quality and caliber (Tab. 1 and 2). 
It is important to state that fruits are rejected or ac-
cepted for export and/or national market according 
to damage, their origin, and affected area.

PRE-HARVEST ASPECTS THAT DETERMINE 
THE QUALITY OF HASS AVOCADO AND 
MANAGEMENT PRACTICES CONDUCIVE 
TO IMPROVING QUALITY

Avocado fruit quality is achieved in the crop as a re-
sult of the interaction among the genetics of the vari-
ety, environmental factors, the relationship between 
genotype and environment, the agronomic manage-
ment of the crop and harvest criteria, among others 
(Ochoa, 2012; Schaffer et al., 2013; Ferreyra et al., 
2016; Salazar-García et al., 2016b). Thus, fruit qual-
ity must start from a series of agronomic practices 
implemented at pre-harvest and harvest and must 
be complemented with adequate post-harvest work 
since, at this stage, fruit quality can only be main-
tained and not improved.

Environmental and edaphic variables and/or pre-har-
vest agronomic criteria that determine avocado fruit 
quality are highly variable and still little studied in 
each of the producer regions of the world. There is 
currently a trend to identify the specific characteris-
tics of some areas in which better quality fruits are 
produced (Ferreyra et al., 2016).

The factors that affect avocado fruit quality include: 
environmental variables such as temperature, pre-
cipitation, solar brightness, relative humidity, and el-
evation, among others; edaphic properties associated 
with nutrient content (e.g. calcium, nitrogen and bo-
ron), texture, land slope, drainage networks, and nu-
trient ratios (e.g. N/Ca, K/Ca); the genetic material 
used as rootstock; crop management practices that 
include fertilization, planting density, pruning, irriga-
tion, incidence of pests and diseases (e.g. avocado wilt 
complex), hormonal relationships (e.g. gibberellins), 
and leaf area index, among others (Ochoa, 2012; Ber-
nal, 2016; Ferreyra et al., 2016; Salazar-García et al., 
2016a; Ramírez-Gil et al., 2017; Ramírez-Gil, 2018b; 
Rivera et al., 2017; Novoa et al., 2018).

In Colombia, not much progress has been made in 
this regard and only a few studies have focused on 
the effect of altitude on the quantity and quality of 
fatty acids. As a result, it has been determined that, 
at a higher elevation, the concentration of fatty acids 
increases (Carvalho et al., 2015). In this regard, it is 
possible to increase fruit size percentage under these 
environmental conditions, which will also improve 
the extra quality percentages, pulp yield, and nutri-
ent contents, among others (Bernal, 2016). However, 
limitations associated with lower yields and longer 
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production cycles under these environmental condi-
tions have to be considered (Bernal, 2016).

On the other hand, some studies have characterized 
exportable fruits in terms of physical and chemical 
variables, but have not made any contributions in 
terms of defining criteria to improve quality (Astudi-
llo and Rodríguez, 2018). In this sense, some authors 
have determined how avocados that are produced un-
der certain conditions in Colombia have good quality 
standards in terms of physical, chemical and nutri-
tional variables (Henao-Rojas and Rodríguez, 2016; 
Rodriguez et al., 2018). However, it is reported that 
according to a scale from 1 to 10 by European import-
ers, Colombian fruits obtained an average value of 5.9 
based on three criteria: (i) ripening process (5.5), (ii) 
external quality (5.3), and (iii) internal quality (6.1). 
These values are much lower than the ones obtained 
by direct competitors such as Israel (6.8), Peru (7.1), 
South Africa (7.2) and Chile (7.4) (Analdex, 2017). 
This situation may be due to the great production 
system variability and the absence of a technological 

package for the country’s conditions. For this rea-
son, there is a need to unify the production criteria 
to improve fruit quality and thus increase producers’ 
profitability levels.

It is important to understand that avocado fruit qual-
ity is the sum of the entire production process, which 
involves plant material suppliers, fruit producers, 
packers, distributors and consumers (Ochoa, 2012). 
That is why quality is a commitment of the entire 
value chain; in each link, all activities should be per-
formed in the best way to ensure that Colombian 
fruit is positioned worldwide as a value brand and 
that the country is recognized for quality. This will 
allow Colombian fruits to continue conquering new 
market niches.

In general terms, there are a number of agronomic 
practices (Fig. 1) that producers can implement in 
their production systems with the objective of im-
proving fruit quality. In this regard, a series of strate-
gies has been evaluated in commercial plots under 

Figure 1.  Basic pre-harvest agronomic practices that improve Hass avocado quality under conditions of the Colombian tropics.

General management
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Colombian tropical conditions and reported by dif-
ferent scientific research with good results (see: Will-
ingham et al., 2006; Everett et al., 2007; Crowley et 
al., 1996; Dann and Le, 2017; Kaluwa et al., 2010; 
Gazit, 1976; Ramírez-Gil, 2017; Carvalho et al., 2015; 
Henao-Rojas et al., 2019; Malhi et al., 2010; Bernal, 
2016; Ramírez-Gil et al., 2018; Ramírez-Gil, 2013, 
2018a; Ramírez-Gil and Morales-Osorio, 2018). As 
a result, more innocuous fruits with better calibers, 
less susceptibility to physiological disorders and 
postharvest pathologies, with outstanding sensory 
characteristics (color, shape, firmness, taste, etc.), 
higher nutrient levels, and longer shelf life have been 
obtained.

HARVEST-ASSOCIATED ASPECTS THAT 
DETERMINE HASS AVOCADO QUALITY

One of the global challenges the avocado industry 
has to face is offering the consumer a product with 
homogeneous ripening (Rivera et al., 2017). Avocado 
is a climacteric fruit that reaches consumption rip-
ening several days after harvest (Hershkovitz et al., 
2009). Ripening in this fruit is a highly complex pro-
cess associated with multiple biochemical changes 
and hormonal relationships, which include increas-
es in ethylene and respiration, loss of firmness, and 
development of sensory variables (taste and color), 
among others (Ochoa, 2009). This situation implies 
the need to identify harvest criteria with great influ-
ence on the avocado ripening processes and its qual-
ity in order to prevent the harvest of immature or 
overripe fruits and reduce post-harvest losses.

The first element for a correct harvest is the defini-
tion of harvest criteria. This decision should not only 
be based on a single indicator but on several crite-
ria. This situation implies the need to use different 
harvest criteria designed among producers, packers, 
exporters, and traders, which must obey the target 
market and the desired shelf-life for the fruit. At pres-
ent, there is a series of harvest indicators that are clas-
sified into destructive and non-destructive methods, 
which must be determined and calibrated per cultivar 
and at each producer region.

The mesocarp’s oil content is considered to be the 
best avocado ripeness indicator (Lee, 1981; Ochoa, 
2012). The minimum value for harvest should be 8% 
(Lee et al., 1983), but its determination is complex and 
expensive as it represents a high risk for operators, 

given that toxic organic solvents are used in the pro-
cess (Lee et al., 1983; Ochoa, 2012). For this reason, 
dry matter has become the world’s most widely used 
crop index since it is a simple, fast, and safe method 
and is highly correlated with the fatty acid content 
(Lee et al., 1983; Ochoa, 2012; Carvalho et al., 2014). 
On the other hand, there is currently a growing trend 
for the application of non-destructive techniques us-
ing a portable spectrometer. These techniques offer 
rapid results that are highly correlated with dry mat-
ter and mesocarp oils (Ncama et al., 2018).

In this regard, some advances have been made in 
Colombia, such as those reported by Carvalho et al. 
(2014) and Rodriguez et al. (2018), who determined 
that avocados must have a minimum of 23% dry mat-
ter at the time of harvest. This concept has become 
a misused criterion since it was the only parameter 
to determine the optimum harvest time without 
considering aspects such as shelf life, target market, 
and the differences of this variable according to en-
vironmental, agronomic and genotype parameters. 
This is why this indicator must be calibrated for the 
different avocado producing regions in Colombia and 
should be based on the importing market. The most 
commonly used crop indicators and their reference 
values for Colombia are described below.

Non-destructive methods use changes in fruit color 
and shape. Avocado fruit color changes depend on 
the ripening stage; fruits at early stages of develop-
ment have a bright green color that later becomes 
opaque or dark green, and, at advanced ripening stag-
es, they show a purple color that evolves to black. 
For fruit color, Ochoa (2012) reported a scale with 
values from 0 to 6, which was calibrated based on 
fruit firmness and ripening process. Color 0 (opaque 
olive green) is equivalent to a hard firmness (> 25 
lbs of pressure, harvest time), whereas a level 5 color 
(deep purple) is equivalent to fruit with soft firm-
ness (5 lbs of pressure, ripe for consumption). Color 
can also be calibrated based on the ripeness level, and 
its measurement is taken with the use of tristimulus 
colorimetry (Henao-Rojas and Rodríguez, 2016). Ad-
ditionally, in most varieties, the portion of the pedi-
cel closest to the fruit turns yellowish and swollen, 
which is a good ripeness indicator. The skin struc-
ture must be rough with notorious lenticels, the seed 
must be separated from the pulp, and the pulp must 
have a green-yellowish color and creamy texture with 
transparent and removable tegument (Ochoa, 2012). 
In some situations, the size can also be a harvest indi-
cator (Ochoa, 2012; Rodriguez et al., 2018).
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Firmness is a harvest criterion that is rarely used un-
der field conditions; however, when used, it consists 
in quantifying the fruit hardness level (pounds of 
pressure). This parameter has been correlated with 
the ripening process in countries such as Mexico 
(Ochoa, 2012). Firmness can be measured by touch, 
but this technique is very subjective. For this reason, 
different devices such as the penetrometer or acoustic 
firmometer are used to determine this variable (Mag-
waza and Tesfay, 2015; Zhang et al., 2018), whose re-
sults are expressed in kgf cm-2 and then in pounds of 
pressure (lbs). It is reported that the maximum and 
minimum values quantified in avocado skin at con-
sumption ripeness for Colombia should be between 
0.90 and 1.51 kgf cm-² (Icontec, 2018).

Regarding destructive methods, the fatty acid profile 
is perhaps the method with the closest relationship 
with avocado fruit ripening, but it presents multiple 
disadvantages, such as its cost and the difficulty to 
obtain oil extracts, as described above (Lee, 1981; 
Ochoa, 2012). For Colombia, the oil content for har-
vest must be a minimum of 12% in mass fraction 
(Icontec, 2018). On the other hand, the most used 
harvest indicator in Colombia is dry matter, and it is 

recommended to harvest fruits when this parameter 
is equal to or higher than 23% (Icontec, 2018). How-
ever, Carvalho et al. (2015) and Rodriguez et al. (2018) 
reported that the dry matter content for harvest in 
the Department of Antioquia ranges between 22 and 
26% as a base for a minimum oil percentage of 11.2%. 
Another indicator used is the minimum pulp percent-
age, which must be a minimum of 58% for consump-
tion ripeness (Icontec, 2018). 

Once the harvest criterion is defined, a pesticide resi-
due analysis must be carried out a month before the 
harvest (Icontec, 2018). This test determines if the 
presence of pesticide residues is below the maximum 
limits allowed according to the regulations of the im-
porting country. These criteria are different according 
to the destination, and the European Union estab-
lishes its own criteria just as the US market does.

A correct harvest is carried out after the harvest crite-
ria have been selected and calibrated and the pesticide 
residue test has been performed. The process is car-
ried out avoiding mechanical damage, which affects 
the cosmetic appearance of fruits or can be the gate-
way to pathogens that cause postharvest diseases. 

General harvest criterion
to improve fruit quality

Optimum harvest time

Avoid harvest when
fruits are wet

Avoid harvest when
temperatures is very high

Tools to be used
Appropriate ripeness

level should be
harvest

Avoid overripe fruits

Avoid shiny fruits

Avoid bright fruits

A pre-selection in the
field

Discard fruits with
malformations

Discard fruits with
presence of insects

Discard fruits with
mechanical defects

Discard overripe fruitsAdequate and disinfected
baskets

Logistic for harvest and
transportation

Quantities an qualities
to be harvested

according to the target
market must be
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Reduction of the time in
the field

To hire skilled labor to
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Protect fruits against
direct sunlight

Use of pallets at
temporary field storage

sites

Transported to the
sorting

plant-packighouse

Use damping systems in
the baskets to avoid

impacts

Avoid high temperatures
that induce fruit
dehydratation

Fine pedicel cuts
without detachment

Must be disinfected in
order to avoid

cross-contamination

Figure 2.  Main harvest practices associated with the preservation of Hass avocado quality. 
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It is also recommended to handle fruits according 
to the criteria of the international code of practice 
general principles of food hygiene (CAC/RCP, 1-1969, 
Rec. 3-1997). In addition, the microbiological require-
ments defined in the legislation according to the 
principles for the establishment and application of 
microbiological criteria for foods (CAC/GL 21-1997) 
must be followed (Icontec, 2018).

An adequate harvest involves the following param-
eters reported in figure 2 (see: Duvenhage, 1993; 
Ramírez-Gil, 2018b; Perkins et al., 2019). 
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